ABSTRACT -This study presents the taxonomy of benthic foraminifera, ostracods, and radiolarians of a sedimentary succession within the Lachman Crags Member, Santa Marta Formation (upper Santonian-lower Campanian), northwestern James Ross Island. Twenty-seven benthic foraminiferal species, six ostracod species, and six radiolarian species were identifi ed. Calcareous microfossils occurrences are restricted to few stratigraphic levels described as tuffaceous sandstones cemented by calcium carbonate, while siliceous microfossils and agglutinated foraminifera also occur in different lithofacies. This suggests a preservational bias in the occurrences of microfossils within the studied section, possibly related to the presence/absence of calcium carbonate cement. The benthic foraminiferal fauna presents a low degree of endemism with the dominance of cosmopolitan taxa (e.g. Gyroidinoides globosus (Hagenow), Gavelinella sandidgei (Brotzen). Consistent occurrences of G. globosus suggest the dominance of deep-neritic to upper-bathyal paleodepths. The ostracod genera identifi ed herein have already been reported for the Cretaceous of the Gondwana region and suggest deposition on a shelf with warm water temperature and normal salinity. The studied radiolarian fauna, the fi rst one described for the James Ross Island region, can be considered Late Cretaceous in age, also presenting the dominance of robust (dissolution resistant) cosmopolitan taxa.
INTRODUCTION
The James Ross Island region presents one of the most complete Cretaceous sedimentary records in austral highlatitudes, which is also particularly rich in fossil remains (Crame et al., 1991) . The presence of diversifi ed plant, fi sh, and dinosaur fossils attests that this region remained ice-free during that time interval (Richter & Ward, 1990 ; Salgado & Gasparini, 2006) . Micropalaeontological studies in this region are relevant for a better understanding of the evolution of highlatitude marine basins in the Mesozoic. Most works on micropaleontology carried out in the James Ross Island and surroundings are based on foraminifera (Macfadyen, 1966; Webb, 1972; Webb & Neall, 1972; Huber et al., 1983; Huber & Webb, 1986; Huber, 1984 Huber, , 1986 Huber, , 1988 Huber, , 1991 Huber, , 1992 Morlotti & Concheyro, 1999) . Ostracods were studied by Majoran & Widmark (1998) , Fauth et al. (2003) and Dingle (2009) ; nannofossils by Concheyro et al. (1991 Concheyro et al. ( , 1994 , Concheyro (2004) and Švábenická et al. (2012) ; and palynomorphs by Keating (1992) . Studies regarding radiolarians are scarcer for the region, with Whitham & Doyle (1989) being the only one restricted to the Antarctic Peninsula.
This study aims to present the taxonomy of benthic foraminifera, ostracods, and radiolarians of a sedimentary succession attributed to the Lachman Crags Member, Santa Marta Formation (upper Santonian-lower Campanian), northwestern James Ross Island (Figure 1 ). The faunas are compared to ones previously described, and some paleoecological inferences are made. Benthic foraminifera showed higher abundance and diversity when compared to the other reported fossil groups; despite their scarcity, ostracods and radiolarians were included in the present contribution in face of the patchiness of works for the studied region during this time interval. It is also worth mentioning that planktic foraminifera are absent from the studied assemblages, being this pattern probably related to post-depositional dissolution processes as discussed below.
GEOLOGICAL SETTING
The studied area is inserted in the James Ross Sub-basin, which is part of the Larsen Basin, initiated as a consequence of the Gondwana breakup and subsequently evolving as a typical back-arc basin with signifi cant volcanic contribution (Gust et al., 1985; Storey et al., 1992) . Two stratigraphic groups encompass Cretaceous marine deposits in the James Ross Sub-basin: (i) the Gustav Group, Aptian-Coniacian in age, interpreted as submarine fans and slope deposits; (ii) the Marambio Group, Santonian-Danian in age, interpreted as a shallow-marine setting (Ineson et al., 1986; Olivero et al., 1986; Crame et al., 1991) . Within the Marambio Group, Olivero et al. (1986) defi ned the Santa Marta Formation, which is a siliciclastic sedimentary succession of late Santonian-early Campanian age (see also Richter & Ward, 1990; Olivero et al., 1991; Crame et al., 1991; Olivero, 2012) . Olivero et al. (1986) subdivided this formation into the Alpha, Beta, and Gama members, based mainly on variations of coarse-grained lithofacies. Subsequently, Crame et al. (1991) segmented the Santa Marta Formation into the Lachman Grags Member (probably correlated to the Alpha and Beta members of Olivero et al., 1986) , Herbert Sound Member, and Rabot Member. The studied succession is attributed to the Lachman Crags Member of the Santa Marta Formation and, taking into account the occurrence of tuffaceous sandstone [cf. tuffi tes cemented by carbonate described by Scasso et al. (1991) ] and the absence of conglomerathic lithofacies, probably placed into the Alpha Member described by Olivero et al. (1986) .
The studied section is 126 m long within the Santa Marta Formation (Lachman Crags Member/Alpha Member), located in northwestern James Ross Island (Figure 1 ; 63°49'28.13''S/57°52'30.8''W -SAD-69 datum). It is dominated by the occurrence of tuffaceous sandstones interbedded with fi ne-grained siliciclastic facies, and less remarkable occurrences of sandstones in its uppermost portion (Figure 2 ).
MATERIAL AND METHODS
During the austral summer of 2007, 99 samples were collected, mainly composed of very fi ne to medium-grained tuffaceous sandstones [cf. tuffi tes cemented by carbonate Figure 1 . Location map of the studied section (black triangle) (modifi ed from Pirrie et al., 1992) .
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Figure 2. Studied section (lithostratigraphic profi le) with the position of the studied samples (LC-number).
described by Scasso et al. (1991) ], claystones, and siltstones. Only 13 samples yielded microfossils, as follow: LC-28, LC-37, .
Approximately 50 g of dried rock were crushed and soaked in 200 ml of a hydrogen peroxide solution (H 2 O 2 ), at a concentration of 29%, for 24 hours. Residues were then washed and divided into the grain fractions 45, 63, 150, and 250 μm. Because of the scarcity of microfossil occurrences and low abundances, the total amounts of benthic foraminifera, ostracods, and radiolarians were hand-picked under stereomicroscope from each grain-size fraction. Selected specimens were imaged by means of scanning electron microscope (SEM) and Zeiss Discovery V20 stereomicroscope, using multidimensional acquisition with extended focus (computation from Z-stack in the software AxioVision 4.8).
TAXONOMY
All species of benthic foraminifera, ostracods, and radiolarians identifi ed in this study are presented and discussed below. Synonymies are restricted to the original description, including those references relevant to the understanding of the species concept used herein and the stratigraphic ranges. Remarks were made under each species entry in order to clarify the main distinguishing features. Stratigraphic ranges are based on the references cited in synonymies. The specimens fi gured herein will be held in the collections of the Museu de História Geológica do Rio Grande do Sul, Universidade do Vale do Rio dos Sinos (UNISINOS), Brazil, under the curatorial numbers ULVG-9779 to ULVG-9817 (entries given after each species in Figures 3-6 ). Stratigraphic distributions of the identifi ed species within the studied section are given in Figure 7 .
Foraminifera
Suprageneric classifi cation follows that of Loeblich & Tappan (1987) as modifi ed by Loeblich & Tappan (1992) , for calcareous benthic foraminifera, and Kaminski (2004) , for the agglutinated taxa. Modes of life of benthic foraminifera were inferred after Koutsoukos & Hart (1990) and Cetean et al. (2011) Cushman, 1927 Family SPIROPLECTAMMINIDAE Cushman, 1927 Subfamily SPIROPLECTAMMININAE Cushamn, 1927 Spiroplectinella Kisel'man, 1972 Spiroplectinella ex gr. dentata (Alth, 1850) ( Figure 3D) 1850 Textularia dentata Alth, p. 262, pl. 13 , fi g. 13.
1953 Spiroplectammina dentata (Alth) Lenticulina sp. 1 ( Figures 3N-P) Description. Planispiral involute-coiled test, with about seven chambers in the last-forming whorl. Test lenticular in section. Sutures radial, curved and fl ush. Periphery slightly carinate. Aperture radial at the peripheral angle, with a longer slit at the center of the apertural face.
Material. 1 specimen in sample LC-55; 1 specimen is sample LC-67; 9 specimens in sample LC-80. Remarks. This species is characterized by its low hood projection on one side of the aperture. Material. 1 specimen in sample LC-55; 1 specimen in sample LC-80. Inferred mode of life. Infaunal. Stratigraphic range. Late Cretaceous (Basov & Krasheninnikov, 1983 Gyroidinoides Brotzen, 1942 Gyroidinoides globosus (Hagenow, 1842) emend. Alegret & Thomas, 2001 (Figure 4I-N) 1842 Nonionina globosa Hagenow, p. 574. 1983 Gyroidinoides globosa (Hagenow) . Basov & Krasheninnikov, p. 764, pl. 9, fi gs. 2-3. 1989 Gyroidinoides globosa (Hagenow) . Koutsoukos, p. 175, pl. 16, fi gs. 12-18. 2001 Gyroidinoides globosus (Hagenow) . Alegret & Thomas, p. 288, pl. 16 , fi gs. 12-18.
Remarks. Gyroidinoides globosus differs from G. infracretaceus
by having a distinctive globular test, and a broadly rounded equatorial periphery without a clearly defi ned peripheral shoulder. Apertural face is about four times broader than high. Material. 2 specimens in sample LC-55; 1 specimen in sample LC-56; 13 specimens in sample LC-80. Inferred mode of life. Epifaunal. Stratigraphic range. Late Aptian (Kochhann, 2012) to Maastrichtian (Koutsoukos, 1989) .
Subfamily GAVELINELLINAE Hofker, 1956
Gavelinella Brotzen, 1942 Gavelinella sandidgei (Brotzen, 1936) ( Figures 4O-R ) 1936 Cibicides sandidgei Brotzen, p. 191, pl. 14, fi gs. 2-4. 2011 Gavelinella sandidgei (Brotzen) . Cetean et al., pl. 3 , fi g. 6.
Material. 9 specimens in sample LC-55; 3 specimens in sample LC-80; 6 specimens in sample LC-82. Inferred mode of life. Epifaunal. Stratigraphic range. Late Cretaceous (Huber, 1988; Cetean et al., 2011) .
Ostracoda
Suprageneric nomenclature is in accordance to Benson et al. (1961) . The following abbreviations are used: l = length; h = height; w = width; C = carapace; RV = right valve; LV = left valve. 
Radiolaria
Suprageneric nomenclature is in accordance to De Wever et al. (2001) .
Subclass RADIOLARIA Müller, 1858 Order NASSELLARIA Ehrenberg, 1875 Family ARCHAEODICTYOMITRIDAE Pessagno, 1976 Archaeodictyomitra Pessagno, 1976 Archaeodictyomitra sp. cf. A. squinaboli Pessagno, 1976 ( Figure 6A) 1976 Archaeodictyomitra squinaboli Pessagno, p. 50, pl. 5, fi gs. 2-8.
Material. 1 specimen in sample LC-67.
Archaeodictyomitra sp. (Figure 6B) Description. Conical skeleton with nine segments. Nine costae (in lateral view) cover the surface of all segments, being linear and continuous. Constrictions are poorly developed and have no effect on the costae's outline.
Remarks. This species differs from A. squinaboli by not having a fusiform outline.
Material. 1 specimen in sample LC-55. FLORISBAL ET AL. -BENTHIC MICROFOSSILS OF JAMES ROSS ISLAND, ANTARCTICA
Family PSEUDODICTYOMITRIDAE Pessagno, 1977 Pseudodictyomitra Pessagno, 1977 Pseudodictyomitra sp. cf. P. pentacolaensis Pessagno, 1977 ( Figure 6C ) Remarks. The costae of the specimen fi gured herein are less massive than in those specimens of Pessagno (1977) and Ling and Lazarus (1990) , however this characteristics seems dependent on silica availability and preservation patterns. Material. 1 specimen in sample LC-69.
Family EUCYRTIDIIDAE Ehrenberg, 1847
Stichomitra Cayeux, 1897
Stichomitra stocki (Campbell & Clark) sensu O'Dogherty, 1994 ( Figure 6D) 1944 Stichocapsa(?) stocki Campbell & Clark, p. 44, pl. 8, fi gs. 31-33. 1994 Stichomitra stocki (Campbell & Clark Description. Subspherical skeleton with probably seven three-bladed spines of which six are visible (fi ve around the periphery and one upward directed). Remarks. It is impossible to accurately determine this species due to its preservation, but if the number of spines is really seven, it could belong to an undescribed genus of the family Quinquecapsulariidae, the range of which is Tithonian to Paleocene (P. Dumitrica, pers. com. 2013) . Material. 1 specimen in sample LC-68.
DISCUSSION
It is remarkable that signifi cant calcareous microfossils occurrences (benthic foraminifera and ostracods) are restricted to few stratigraphic levels described as tuffaceous sandstones cemented by calcium carbonate [Figures 2 and  7 ; cf. tuffi tes cemented by carbonate described by Scasso et al., (1991) ], while siliceous microfossils (radiolarians) and agglutinated foraminifera occur in sandstone levels in addition to the tuffaceous sandstone (Figures 2, 7 ). This pattern of occurrences, besides the absence of microfossils in the expected fi ne-grained lithofacies, suggests a preservational bias in the occurrences of microfossils within the studied section. Calcium carbonate bioclasts may have been preferentially preserved in the tuffaceous sandstones cemented by carbonate, while dissolution may have played an important role in their absence from the remaining lithofacies (which do not possess the above stated cement). This pattern of occurrences may also explain the absence of planktic foraminifera from the studied assemblages (in a probable deep neritic environment; see discussion below), since their thinner and more porous tests are believed to be more susceptible to dissolution than the thicker and smooth tests of benthic foraminifera, greatly affecting the ratio between these two foraminiferal groups in both Mesozoic and Cenozoic deposits elsewhere (e.g. Friedrich & Hemleben, 2007; Kucera, 2007; Nguyen et al., 2009) . It is also worth mentioning that benthic foraminiferal species recovered herein are predominantly represented by morphotypes with sturdy tests, which are probably dissolution-resistant taxa. Huber (1988) also suggested that diagenesis may have largely biased foraminiferal distribution data in the James Ross Island region. Furthermore, the occurrences of microfossils in the coarser-grained lithofacies (high-energy facies) could explain their low abundances and richness in the studied succession. Benthic foraminifera are the most abundant organisms recovered in the present study (e.g. samples LC-55, LC-80, LC-82), and when the number of specimens recovered in 50 g of sediments (see the taxonomic section above) is compared to data reported by Huber (1988) for the James Ross Island region (based on about 1,200 g of residue), data presented herein become relevant in the regional context. Consistent occurrences of Gyroidinoides globosus in samples LC-55, LC-56, and LC-80 suggest the dominance of deep-neritic to upper-bathyal paleodepths at these stratigraphic levels (Koutsoukos, 1989; Alegret & Thomas, 2001 ). This suggestion is in accordance to the outer shelf setting suggested by Crame et al. (1991) and Olivero (2012) for the Santa Marta Formation. When the generic and specifi c composition of the studied benthic foraminiferal fauna is evaluated, a low degree of endemism can be detected, with the dominance of cosmopolitan taxa such as Gyroidinoides globosus and Gavelinella sandidgei (cf. Sliter, 1977; Basov & Krasheninnikov, 1983; Huber, 1988 Huber, , 1992 Alegret & Thomas, 2001; Ceten et al., 2011) .
The ostracod genera Cytherella, Majungaella, Paracypris, and Bythocypris identifi ed herein have already been reported for the Cretaceous of the Gondwana in the works of Rossi de Garcia & Proserpio (1980) , Fauth et al. (2003) , Whatley et al. (2005) , and Dingle (2009) , being also considered cosmopolitan taxa (in the same way as the foraminiferal taxa reported above). Despite their scarcity, the occurrence of the genus Majungaella, which paleobiogeographic distribution is restricted to the southern hemisphere (Piovesan et al., 2012) , also suggests deposition on a shelf with warm water temperature and normal salinity (Fauth et al., 2003; Seeling et al., 2004; Dingle, 2009) , being in accordance with the outer shelf depositional setting suggestion based on foraminifera (see discussion above) and previous works (Crame et al., 1991; Olivero, 2012) . This interpretation corroborates the high paleotemperature estimatives for the Late Cretaceous of the James Ross Island presented by Pirrie & Marshall (1990) and southern high latitude regions (Huber, 1988; MacLeod et al., 2001) . Samples that yielded ostracodes are LC-47, LC-55, This study presents the fi rst record of radiolarians for the James Ross Island. Taking into account the stratigraphic ranges of the radiolarian species described in the taxonomic section above, the studied radiolarian fauna can be considered Late Cretaceous in age, presenting some cosmopolitan taxa. Since Ling & Lazarus (1990) reported a diverse and well preserved Campanian-Maastrichtian radiolarian fauna from Deep Sea Drilling Project (DSDP) Leg 113 (Weddell Sea), the scarcity of radiolarian occurrences in the studied section might be a result of a preservation bias (only species with sturdy skeletons are preserved mainly in coarse-grained lithofacies) and/or due to environmental restrictions (related to the probable shelf setting). Samples that yielded radiolarians are LC-55, LC-56, LC-67, LC-68, LC-69, and LC-84.
CONCLUDING REMARKS
This study presents the fi rst record of radiolarians for the James Ross Island, the occurrence of ostracod genera that had already been reported for the Antarctic Peninsula, and a relatively diverse foraminiferal fauna (when evaluated in its regional context). Calcareous microfossils occurrences are restricted to few stratigraphic levels described as tuffaceous sandstones cemented by calcium carbonate, while siliceous microfossils and agglutinated foraminifera also occur in different lithofacies. This suggests a preservational bias in the occurrences of microfossils within the studied section, possibly related to the presence/absence of calcium carbonate cement. Even in face of this preservational bias, it is possible to infer that all recovered fossil groups are cosmopolitan in character and that deep-neritic paleodepths (outer shelf settings) dominated the studied interval.
